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Predicted annual dosage

Simulation using a 3D model of the Staircase 
was undertaken using cumulative averaged 
sky data to generate annual dosage predic-
tions across the surface of Hambeltonian and 
adjacent surfaces. Reflectance and transmission 
values were recorded on site in January 2012 
and were as follows:

Exterior Glazing 

 Transmittance 59% +/-3%
 (assumed to be a ‘perfect’ diffuser ie. sun-

light is dispersed evenly in all directions)

Internal Finishes

 Wall, greeny white  60% +/-3%
 Ceiling, white  80% +/-2%
 Staircarpet, greeny grey  25% +/-2%
 Stone steps, grey  55% +/-2%

The scale on the right shows the predicted 
annual dosage using false colours. As may 
be expected dosages are higher closer to the 
rooflight. Dosage levels on Hambletonian are 
shown in more detail on the following page.
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Fig.8 Predicted annual dosage levels presented using a ‘fisheye’ projection

Fig.9   View of the Staircase 
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Fig.9   View of the Staircase 

Mardaljevic, J. et al. ILLUMINATION AND CONSERVATION: A CASE STUDY EVALUATION OF DAYLIGHT . . .

A photograph of the staircase from a similar vantage point is shown for comparison. The false-
colour image reveals that the daylight exposure for Hambletonian is in the range ⇠4,000 klx-hrs to
⇠2,000 klx-hrs. A similar gradient in annual exposure is evident for the other two staircase walls.
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Figure 4 – Photograph of the Stone Staircase and predicted cumulative annual exposure

Figure 5 shows a close-up of the simulated exposure with the scale adjusted to better show the
data in the plots. The painting area is divided into nine sections and each one is annotated with
the average of annual daylight exposure in klx hrs. The simulation results showed that the painting
was receiving between 2.8 and 4.4 Mlx hrs with an area-weighted average for the entire painting
of 3.5 Mlx hrs. This is nearly six times the recommended value of 0.6 Mlx hrs.

Also shown in Figure 5 are the individual contributions from the sun and the sky to the total
exposure. As expected from the Belfast climate data (Figure 3, the sun contributes rather less to
the total exposure than light from the sky. The separation of the total daylight exposure into the
sun and the sky components allows a test to be made regarding the assumption that the rooflight
acts as a perfect diffuser. Table 2 gives the total annual illuminance from the sky and the sun
received on an unobstructed horizontal surface, say, just above the rooflights. In parentheses
are shown the percentage contribution to the total amount. Also given are the sun and sky
components of the area-weighted average daylight exposure across the painting. For the climate
data, the percentage contributions (to the total) from the sky and the sun were 75% and 25%,
respectively. For the daylight received at the painting the split was 77% and 23% for the sky and
sun components, respectively. These values are fairly close, indicating that the rooflight does
indeed ‘reprocess’ incident light, whatever its direction, into diffuse that light enters the space
below. If that were not the case, the ratio of the sky to sun components inside would be unlikely to
match closely that outside. Note, the rationale for this would not hold if the rooflight did not have
rotational symmetry around the zenith axis.

Cumulative annual illumination
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Predicted annual dosage on Hambetonian
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Data from the simulation process suggests 
that Hambletonian receives several times 
the widely quoted recommended maximum 
dosage of 600klhrs. The plot to the right in-
dicates that the painting receives an average 
of 3.5mlxhrs, roughly six times the recom-
mendation. The painting’s exposure is not 
uniform and due to the location the upper 
half receives more than the lower. Values 
from the corners indicate a ratio of approxi-
mately 3:2 

The simulation allows the exposure to be 
broken down between the diffuse light from 
the sky and that from the sun.
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This indicates that three quarters of the light 
reaching the painting is from the diffuse sky 
rather than sun, an important observation if 
fully diffusing glazing forms part of the day-
light control strategy.

Fig.10  Predicted annual dosage levels on Hambletonian
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Measurement using 
High Dynamic Range 

(HDR) imaging



Long-term, autonomous 
HDR capture

• HDR capture every 10 minutes. 

• Maximum unattended duration ~6 to 9 
months. 

• On-the-fly deletion of ‘dark’ images. 

• Status webpage broadcast on ad-hoc wifi 
network.



‘Headless’ Mac Mini

Consumer 
DSLR
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Er =
⇡Lr

⇢r

Derive illuminance from 
HDR luminance





Reflectance map
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Human 
(and not so human) 

factors
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Simulation of cumulative 
annual daylight exposure: 
4 Component Method
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Metrics

• Cumulative annual illumination + components 

• Cumulative monthly illumination 

• Clear sky sun hours 

• Useful daylight illuminance 50, 200, 2000 lux 

• ‘Time-slices’



Direct sky comp of TAI
0

0 0

00 00 0

0 0
0 0 00 0

0 0 00
00 0 0 00 0

0
296211

0

141 177
73 85

197 205
50 63183171

5042 135 151

1209 1633892 1080550 6631664 1667 494399 1392 1477327 1120 1235 410

549 1878 2082 692644 2331 2480 799819 2734 2756 9971176 14191434 1915

596 2018 2240 752
2495 2653667 8372921 2957799 970

1028 1240
1023 12932352 2552

2862 29742683 28603084 31223188
3205 3266

3382 3384 18061773 3403
21882215

1995 1967

2005 1976 19302045 1999

1872 1928

2375

Area wght. 1244

Direct sun comp of TAI
0

0 0

00 00 0

0 0
0 0 00 0

0 0 00
00 0 0 00 0

0
670

0

0 5
0 0

0 0
0 000

00 0 0

190 1019167 663102 315267 247 16766 88 23933 72 214 118

121 810 1184 348175 898 1382 416273 1408 1189 571442 973447 1414

152 1003 1496 448
1201 1704236 5261624 1476344 665

545 1072
472 11931703 2254

1788 22802286 27112117 19222205
2175 2606

2548 2143 17841695 2570
26152707

1668 1863

1774 1578 24832297 1816

2298 1921

2755

Area wght. 858

Total annual illumination
1514

1358 1359

13511374 14021339 1347

1284 1293
1409 1208 13881174 1182

1165 1104 11591117
987965 977 989 956911 916

795
14811409

793

1226 1213
1006 980

1390 1415
858 85912501242

696693 1038 1067

2749 38802170 27841615 19072977 2956 15111329 2420 26701086 2030 2289 1270

1506 3372 3999 19341699 3970 4622 21092037 4929 4737 24932663 33763094 4435

1688 3710 4505 2259
4385 50861772 22675267 51592097 2578

2630 3326
2435 33484722 5502

5317 59675745 63855920 57656118
6216 6733

6819 6388 42954120 6791
55955639

4284 4477

4407 4192 50904986 4454

4812 4491

5790

Area wght. 3029

Indirect sky comp of TAI
935

833 833

840852 867834 837

800 802
881 760 868738 743

727 696 722700
627609 622 629 598583 581

508
737763

502

693 676
599 583

810 826
523 524726731

428425 612 624

846 805695 671605 594689 683 553557 622 628484 560 557 498

541 438 460 562554 468 472 556575 490 496 569620 602731 698

603 428 454 645
417 428534 545430 435560 557

590 581
527 503393 400

402 409446 455425 431431
481 483

502 499 444424 474
490462

407 417

411 414 431419 418

414 415

426

Area wght. 584

Indirect sun comp of TAI
578

525 526

511522 535506 510

484 491
528 448 520436 440

437 407 437416
360357 354 360 358328 335

287
382436

291

393 355
334 313

383 384
284 272341340

218226 292 292

505 422416 370359 334356 359 298307 319 326242 278 284 245

294 247 274 331327 273 288 338371 297 297 357424 382483 408

337 261 315 414
272 301335 359292 291393 386

466 434
412 358273 296

265 304330 358293 290294
355 377

387 361 262228 344
302255

214 230

217 223 246225 221

228 228

234

Area wght. 343

Cumulative metrics

mod01/p01
p01
Hours:11.00-17.00

klux hrs

  

100

1000

10000

000  London-CIBSE-TRY



Delta-T BF5 Sunshine Sensor 

Measures global and diffuse radiation

Validation
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